Background
Vitamin B12 deficiency, also known as cobalamin (Cbl) deficiency can be caused by either low absorption secondary to gastric or small intestine surgeries or disorders (e.g., pernicious anemia, celiac disease, Crohn's disease) or by low intake for a prolonged period of time, as manifested in individuals on a vegan or strict vegetarian diet without adequate supplementation [1, 2] . Hematological manifestations related to this deficiency occur in more than two-thirds of patients, with different frequencies. These include: macrocytosis (54%), anemia (37%), hyper-segmented neutrophils (32%), leukopenia (13.9%), and thrombocytopenia (9.9%). Life-threatening hematological manifestations occur in around 10% of affected patients, and these range from symptomatic pancytopenia (5%) to hemolytic anemia in rare cases (1.5%) [3] .
Case Report
A 53-year-old white male, non-smoker or alcohol consumer, presented with a 2 days history of worsening fatigue that started 1 month prior to presentation, associated with 3 kg of nonintentional weight loss over the same period. He also complained of dizziness, pallor, occasional small joints arthralgia, and dyspnea on minimal exertion, relieved by rest noticed over the past 3 days. In addition, he reported having an upper respiratory tract infection 1 month prior, that lasted 4 to 5 days, and completely resolved afterwards. Upon further questioning, he admitted having a similar presentation in another hospital 1 year ago and was diagnosed with anemia with high mean corpuscle volume (MCV), but the laboratory results back then were not available. As a result, he received a blood transfusion, then was lost to follow-up.
On presentation to our clinic, he denied any melena or change in stools color or habit, abdominal pain or vomiting, cough, hemoptysis, easy bruising, hematuria or change in urine color, skin rash, jaundice, cold or heat intolerance, numbness or motor weakness, recent fever, chills or night sweats. There was no other significant medical, or social history, and no history of recent travel or remote stay in a foreign country. Also, his past surgical history was negative, and his family history was only remarkable for early coronary artery disease in his father who underwent percutaneous transluminal coronary angioplasty at the age of 40 years old.
On examination, the patient was alert and oriented but pale with mildly icteric sclera and his neurological examination was remarkable for generalized delayed deep tendon reflexes only, with normal sensory and motor examinations. There was no thyroid nodules, cervical lymphadenopathy, or jugular venous distention. His cardiac, lung, and abdominal examinations were all within normal limits. No hepatosplenomegaly, lower extremity edema or rashes were noted, and a digital rectal examination performed did not reveal any melena. His vital signs were stable with a blood pressure of 121/74 mm Hg, pulse of 70 beats per minute, temperature of 36.7°C (oral), respiratory rate of 16 breaths per minute and oxygen saturation of 100% on room air.
Investigations on admission revealed the following: peripheral white blood cell (WBC) count 4800/mm 3 with normal differential and an absolute neutrophil count of 283/mm 3 , hemoglobin 7.2 g/dL, hematocrit 20%, MCV 122 fl, red blood cell distribution width 13.9%, platelets 182000/mm 3 , reticulocyte count 6.5% with a low reticulocyte index of 1.44%. Hepatic panel showed the following: aspartate transaminase 186 IU/L, alanine transaminase 101 IU/L, total bilirubin 2.7 mg/dL, direct bilirubin 0.5 mg/dL, total protein 68 g/L, albumin 47 g/L, international normalized ratio (INR) 1.1, and an activated partial thromboplastin time (aPTT) of 24.6. Both his basic metabolic panel and coagulation profile were normal with fibrinogen of 3 g/L (1.70-4.00 g/L).
Review of his peripheral smear showed few reactive lymphocytes, moderate macrocytosis with few fragmented red blood cells (RBC), few tear-drop RBCs, few ovalocytes, and few polychromatic RBCs. Occasional large platelets were seen ( Figure 1 ). Urine analysis showed 1 plus hemoglobin with rare RBCs. Despite the presence of fragmented RBCs or schistocytes, the suspicion of both hemolytic uremic syndrome (HUS) and thrombotic thrombocytopenic purpura (TTP) was clinically low in the setting of normal kidney function, neurologic status and platelets count.
Based on these initial results, additional workup was suggested and included a more extensive evaluation of his intravascular hemolytic anemia: lactate dehydrogenase (LDH) was markedly elevated 4896 IU/L (normal range 110-265 IU/L), haptoglobin <0.1 g/L (normal range 0.30-2.00 g/L), extensive direct coombs test including IgG, IgM, IgA, C3c, and C3d which were negative for all tested elements, serum folate 7.3 ng/mL, with very low serum vitamin B12 <100 pg/mL (normal range 243-894 pg/mL). Normal iron studies were reflected by the following: iron level 139 ug/dL (normal range 37-160 ug/dL), iron binding capacity 328 ug/dL (normal range 270-450 ug/dL), and transferrin saturation of 42.4%.
In view of the clinical picture and despite a negative evaluation for autoimmune hemolytic anemia with an extensive direct coombs test that theoretically ruled both warm and cold types of the latter, the presence of reactive lym- Finally, due to the presence of elevated liver enzymes, severe vitamin B12 deficiency and autoimmune thyroid dysfunction, both evaluation for autoimmune hepatitis and celiac disease was done with negative results for antinuclear antibody (ANA) titers and tissue transglutaminase IgA.
A dedicated computerized tomography (CT) scan of his chest, abdomen and pelvis done with intravenous contrast was also negative for any mass suggestive of malignancy or enlarged lymph nodes. The liver architecture was also unremarkable for any structural or ductal abnormalities.
Subsequent parietal cell antibodies titer was found to be >1: 10 (normal <1: 10), along with intrinsic factor antibodies exceeding 200 (normal <20 unit/mL), supporting the diagnosis of pernicious anemia.
The patient was transfused with 2 units of packed red blood cells and 1000 mcg intramuscular vitamin B12 daily was initiated for 2 weeks and his hemoglobin responded adequately upon clinic follow up. The dose was then decreased to once weekly for 4 weeks then monthly for life. Folate replacement was also started along with oral levothyroxine 100 mcg daily with repeat TSH in 6 weeks. He was also advised for age appropriate colorectal cancer screening with colonoscopy and repeat liver function tests in 3 months.
Upon follow-up visits, his hemoglobin level improved indicating a good response to vitamin B12 replacement.
Discussion
In a review of multiple case reports, vitamin B12 deficiency rarely causes hemolytic anemia in approximately 1.5% of cases [4] [5] [6] [7] , with cases of either immune and/or non-immune mediated hemolysis previously reported and affecting the same organ system concomitantly [8] .
Despite hemolysis, the reticulocyte count in vitamin B12 deficiency is low (or normal), reflecting reduced blood cell production, as seen in our case. In addition, megaloblastic changes are caused by disproportionally slow nuclear division cycle relative to the cytoplasmic maturation cycle, or nuclear-cytoplasmic dyssynchrony. Nevertheless, the absence of megaloblasts on the peripheral smear in our case does not exclude their presence in the bone marrow, where nucleated precursor cells are higher in number.
Hematopoietic precursor cells are among the body cells with the highest mitotic activity and are very sensitive to abnormal DNA synthesis caused by vitamin B12, which can explain why our patient developed anemia in the absence of neurological symptoms. However, it is still unclear why some patients with the same deficiency can have predominantly neuropsychiatric rather than hematologic abnormalities, and vice versa, or the presence of either/or abnormality alone in the absence of the other, as in our case. Multiple investigations done previously have attributed this finding to the marked increase in methylmalonic acid (MMA) or homocysteine, both due to the blockade of cobalamin-dependent enzymes L-methylmalonyl-coenzyme A mutase and methionine synthetase, respectively [9, 10] .
The patient in this case presented with laboratory findings consistent with non-immune intravascular hemolytic anemia, along with Hashimoto's thyroiditis and very low vitamin B12 level. Historically, the association between pernicious anemia and thyroid antibodies, mainly Hashimoto's thyroiditis, was well demonstrated in multiple studies, with over 50% of patients with pernicious anemia found to have detectable thyroid antibodies. On the other hand, patients with primary Hashimoto's thyroiditis had 12% incidence of pernicious anemia and nearly 20% showed partial impairment in vitamin B12 absorption [11] .
In the setting of negative investigations for other causes of intravascular hemolysis and presence of schistocytes, including auto-immune hemolytic anemia, the low clinical and laboratory suspicion of both TTP and HUS, the negative surgical and dietary history consistent with very low Cbl absorption or intake, normal folate level, no intake of drugs that cause hemolysis, absence of malignancy on imaging, and in view of the associated diagnosis of Hashimoto's thyroiditis along with the elevated intrinsic factor and parietal cell antibodies titer,
